[ 164 ] (Rowlands & Williams 1941), seem to offer the best possibilities in this connexion. The former would be the more likely to come into general use on account of its greater availability.
[P lates 11-14]
The response of the bovine ovary to single subcutaneous injections of pregnant mares' serum (p .m .s .) and horse pituitary extract has been studied both quantitatively and qualitatively. For the former both time-response and dose-response data were obtained, for the latter time-response data only. The threshold dose of p .m .s . for quantitative effects was between 1000 and 2000 i.u. For higher doses the ovarian response was most pronounced, but there was evidence that the maximal rate of stimulation had been reached with doses of 3000-4000 i.u.
For both gonadotrophins the stage of the oestrous cycle at which injections were given had no differentiating effect upon the quantitative response obtained. In particular, the total number of follicles stimulated to growth, an index that ranged widely, showed no correla tion with this variable.
Qualitative changes observed included multiple ovulation, anovulatory luteinization, the formation of abnormally small corpora lutea (p .m .s . only), and the occurrence of haemorrhagic follicles. An effect caused by horse pituitary injections only was the rupture of a single follicle within 1-2 days of treatment ('shock' effect).
Ovulation following treatment with p .m .s . only occurred when the injection was given in the last, or follicular, phase of the oestrous cycle. With horse pituitary injections ovulation followed treatment given at all stages of the cycle.
The differences in the biological properties of these two gonadotrophic preparations have been discussed in the light of the new evidence arising from this study.
A condition of anoestrus characterized by marked ovarian hypoplasia, probably due to a lack of hypophyseal stimulation, is not uncommonly encountered among heifers, particularly in winter. Although the oestrous cycle is often spontaneously re-established in the spring or early summer, the delay in getting such heifers into calf and the consequent loss of winter milk, constitute a serious wartime problem. The stimulation of such acyclic bovine ovaries by hormonal means is therefore a matter of considerable practical importance.
For the resolution of the type of anoestrus under consideration, in which there seems to be a complete absence of follicular growth, gonadotrophic preparations which are predominantly follicle-stimulating in action are clearly required. The gonadotrophins of pregnant mares' serum (p .m .s .) and horse pituitary extract, which exhibit marked follicle-stimulating activity in the hypophysectomized rat Save for certain specified experiments in which cows were used, the experi mental animals were fattening heifers, 2-3 years old, maintained on nearby farms. Animals of various breeds were included but not Jerseys and the yet smaller cattle. It was considered that the experimental material obtained in this way showed a loose uniformity upon which, under the circumstances, it would have been difficult, if not impossible, to improve. It was a prerequisite that each animal used must shortly be destined for slaughter. Owing to circumstances connected with farm management, and in particular the official regulations governing the entry of animals for slaughter, it was only in exceptional cases that more than 14 days' notice of killing could be obtained, and an upper time limit was thus set to that part of the study dealing with time-response and dose-response data.
In all, 151 heifers and 70 cows were used, though some of these animals were used in preliminary experiments which are not referred to in this paper. In some sections of the work larger groups would have been desirable but, as the work progressed, it became more and more difficult to obtain suitable animals so that such defects became progressively harder to remedy.
The conditions of management of the animals were such as in most cases to preclude the possibility of obtaining details of previous history apart from in formation as to age and general husbandry. In order, therefore, to determine as far as possible the stage of the oestrous cycle at the time of treatment, the ovaries were palpated per rectum and the opinion thus formed later confirmed or supple mented by examination of the ovaries recovered at slaughter. For investigating quantitatively the ovarian response at different periods of the oestrous cycle, cows were preferred to heifers, since for these, previous dates of oestrus as recorded by the herdsmen were usually available. No animal in bad condition, suspected of disease or showing any ovarian abnormality was included.
Ovarian examination
At autopsy the ovaries were dissected from the surrounding connective tissue and brought to the laboratory in 0-9 % saline. They were trimmed and weighed within 2 hr. of removal, after drying with filter paper, and fixed in Bouin's fluid for periods varying from 2 to 7 days according to size. They were then transferred to 70 % alcohol and cut longitudinally with a razor blade into macro serial sections 3-4 mm. thick which were threaded in the correct order on to silk thread.
After sectioning it proved feasible, though rather laborious, to follow individual follicles through the ovary. At first, this involved making diagrams of each of a series of sections; later, the facility resulting from considerable practice enabled this to be dispensed with. In this way the maximum diameters, a, b and c, of any given follicle in three directions at right angles, two of the diameters lying in the plane of section, could be measured. From the data thus obtained, it was possible to determine for each ovary the number of follicles with a mean diameter of 4 mm. and upwards (total number of follicles) and of 10 mm. and upwards (number of large follicles), the mean diameter of all follicles belonging to the former category (mean follicular diameter) and their total volume (t .f .v .) on the assumptiongenerally well borne out by the measurements-that the follicles approximated to spheres. The t .f .v . was calculated from the formula E\nabc.
These four quantities, together with the number of large follicles expressed as a percentage of the total, were chosen as being likely to prove the most useful criteria of follicle-stimulating activity. The lower limit of mean diameter was arbitrarily set at 4 mm. because this represented the smallest size of follicle which could be measured without recourse to optical methods. It was considered probable that in stimulated ovaries most of the antrum-containing follicles would fall into this class, which for practical purposes could be regarded as representing the total number of follicles. The smallest size for inclusion in the large follicle class was set at 10 mm., since according to authorities quoted by Hammond (1927) , ovula tion occurs in the bovine in follicles which are 10-15 mm. in diameter. This class can therefore be taken as comprising the mature follicles.
The general validity of the above method of estimating the t .f .v . was demon strated for stimulated ovaries consisting almost entirety of follicles, by the agree ment between values obtained in this way and those obtained by use of Archimedes's principle. It is in just such cases of pronounced follicular growth, with consequent marked internal pressure effects, in which the validity of assuming the spherical nature of the follicles would be most open to question. A typical pair of highly stimulated ovaries gave the following results. Volume of whole ovaries determined by Archimedes's principle = 210,800 mm.3; t .f .v . estimated as 90 % of volume of ovaries = 189,720 mm.3; t .f .v . by routine method = 200,400 mm.3. Such results were taken as indicative of the accuracy of the technique. The possibility that fixation might produce alterations in ovarian volume to a greater or less extent according to the degree of stimulation was also investigated. The results obtained for pairs of ovaries of various sizes show that, at any rate over the range of volume investigated (12,000-66,800 mm.3), changes in volume after immersion for 3 days in Bouin's fluid followed by 3 days in 70 % alcohol, were negligible ( -0-8 to + 3*7%).
Histological sections of the ovaries were cut after storage in 70 % alcohol for several months, and stained with haematoxylin and eosin. All sections were cut at 8 y.
Gonadotrophic preparations (a) p .m.s. In the early stages of the work a dried serum preparation (H4) was used. This was dissolved in distilled water before injection so that 12 ml. contained 4000 i.u. For the greater part of the work four untreated batches of serum of roughly the same potency were used. These were stored in the refrigerator. The volumes containing 4000 i.u. ranged from 11*4 to 16-6 ml.
(b) Horse pituitary extracts. Two horse pituitary extracts, A P 115B and A P 118B, prepared by a slight modification of the method for the B fraction given by Chance, Rowlands & Young (1939) , were kindly made available by Dr A. S. Parkes. They had been assayed in the immature rat ; a total dose of 1-25 mg. of AP 115B, given in five daily injections, was required to increase the ovarian weight from 10 to 57 mg. Extract AP118B was approximately half as potent. For injection into bovines, 175 mg. of AP 115 B or twice that amount of AP 118B were triturated with 35 ml. n/400 NaOH. Under these conditions the extract was partly in solution and partly in suspension.
Injections All injections were given subcutaneously in the shoulder with a few seconds' light massage of the injection site following withdrawal of the needle.
R e s u l t s

Control ovaries
Data for the ovaries from ten untreated heifers, selected at random and killed at various stages of the oestrous cycle, are given in table 1. In this series only one follicle was found with a mean diameter greater than 15 mm.
Quantitative ovarian changes evoked by pregnant mares' serum (a) 4000 i.u. The ovarian response to a single subcutaneous injection of 4000 i.u. p .m .s . was studied in greatest detail because preliminary experiments had indicated that this dose caused marked follicular stimulation, and since it also seemed that this would represent the upper limit of dosage for practical use. Responses over a period of 14 days after injection were studied; after the first 3 days, each time interval of 1 day was represented by at least two animals. The changes with time in the total number of follicles, number of large follicles, t .f .v ., ovarian weight, mean follicular diameter and percentage of large follicles are shown in figure 1.
Vol .132. B. Throughout this paper, in estimating the values of the first two of these indices and the percentage of large follicles, in cases in which ovulation occurred subsequent to injection, the corpora lutea of ovulation have been counted as large follicles. Except where otherwise stated, however, it was not considered feasible to attempt to apply any such correction to the values of the mean diameter and t .f .v .
The first four quantities undergo roughly graded increases with time, though in a number of cases the ovarian weight, total number of follicles and number of large follicles show little or no increase above the control values. This suggests that individual animals not unexpectedly show considerable variation in the number of primordial follicles which are capable of stimulation. On the other hand, the mean follicular diameter and percentage of large follicles, which are quanti ties that must be largely independent of the total number of follicles involved, undergo much more clear-cut and regular increases with time. The rate of increase of the mean follicular diameter was approximately linear over the period studied. The best-fit straight line for all points shown in figure 1, save those relating to ovaries in which ovulation had occurred after injection, is shown in the figure; its equation is y = (T16±0-06)x+ (3-99 ±0-25).
Fourteen days after injection the mean diameter has increased to 20 mm., approxi mately three times the mean control value, with some follicles greater than 30 mm. (see figure 11 ). At this stage the curve of increase shows no sign of flattening out. These values are larger than any found in the control series and larger than the values (c. 15 mm.) given by Hammond (1927) for the mean diameter of the bovine follicle on the point of ovulation. Thus in the majority of ovaries represented in figure 1, when the follicles had reached the size at which ovulation normally occurs, the conditions necessary for ovulation cannot have been in existence, with the result that instead of rupturing, the follicles continued to grow. The effect, on the mean follicular diameter, of superovulation following injection, will depend on the proportion of large follicles which rupture. If this be great, then clearly the mean diameter of the remaining follicles will be markedly diminished; on the other hand, if the proportion rupturing is small, the mean diameter will hardly be affected. Cases coming into both categories are repre sented in figure 1 .
The curve giving the rate of increase in the percentage of large follicles is sigmoid in shape, representing an initial phase when follicles are being stimulated but have not yet reached the large follicle stage, a middle phase from the fourth to about 
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the tenth day when increasingly more follicles are entering the large follicle cate gory and a final phase when the percentage of large follicles approaches 100. A sigmoid curve, drawn by eye, which is a fair fit to the points, is shown in the figure. i.u.It was considered desirable to obtain a quantitative com of the effects of single injections of doses of p .m .s . ranging from 1000 to 4000 i.u. In this, and the experiments with yet smaller doses, observations were only made over periods of 5-12 days between injection and slaughter, the experiments with 4000 i.u. having shown that little effect was to be expected before the fifth day. The results are shown in figure 2. In the animals receiving 3000 i.u. there were no post-injection ovulations.
It is once more apparent that in many animals the number of follicles of 4 mm. mean diameter and upwards is increased by the treatment, but striking indi vidual variations similar to those occurring in the 4000 i.u. series again occur. The rate of increase in the mean diameter is fairly regular, and the points are evenly distributed about the best-fit straight line for the 4000 i.u. series which is shown for comparison in figure 2. This rate thus appears to be maximal since it is apparently the same for 3000 i.u. and 4000 i.u. The number and percentage of large follicles were also increased and the percentage, as in the 4000 i.u. series, approached 100 from about the 9th day after injection. On the whole, the results indicate that there is little difference between the effects due to 3000 i.u. and 4000 i.u.
(c) 2000 i . u. In this series the total number of follicles of 4 mm. and upwards in diameter in every case came within the range of the controls. In many ovaries there was some increase in the number of large follicles with an indica tion of a maximum effect at 8 days after injection. The percentage of large follicles and the mean follicular diameter showed more definite increases, and in each case there was a suggestion of a maximum occurring at 8 days from injection, but both curves clearly fall below those for 3000 i.u. and 4000 i.u. There were five cases in which ovulation occurred after injection, but application of a correction based on the assumption that these follicles ruptured when they had attained a mean diameter of 15 mm. makes relatively little difference to these values and does not affect the conclusion that the response to 2000 i.u. as measured by the mean follicular diameter was significantly less than the response to 3000 i.u. The mean follicular diameter indicates more clearly than the other criteria just discussed that the effect of this dose reaches its peak at approximately 8 days after injection. In this series the ovarian weight and total follicular volume reflect rather closely the changes in follicular size.
In considering the results obtained with relatively small doses of p .m .s ., it should be noted that in the case of the percentage of large follicles, and also but probably to a less extent the mean follicular diameter, exceptional values can be expected to occur more frequently as the dose is lowered. Although largely independent of the number of follicles involved, these indices obviously become more representa tive as the number of stimulated follicles increases.
(d) 1 0 0 0 i.u. Only five animals were available for this experiment and two of these ovulated after injection. Practically all the quantitative indices obtained fell within the control range, and it may be concluded that the threshold dose of p .m .s . for ovarian stimulation in the heifer lies between 1 0 0 0 and 2 0 0 0 i.u.
Quantitative ovarian response to p .m .s . in relation to the oestrous cycle In view of the possibility that conditions associated with the presence of an active corpus luteum in the ovary may inhibit follicular growth and ovulation, it seemed of interest to compare the quantitative effects of p .m .s . on the ovary in the presence and absence of a corpus luteum. In the experiments described above, the animals were at various stages of the oestrous cycle at the time of injection. In some animals, the ovaries contained a palpable corpus luteum, in others the corpus luteum was regressing, while a third group had no palpable structures at all. Analysis of the results failed to show any regular differences in quantitative folli cular response between the three classes. It was of particular interest to determine whether or not the striking individual variations, among animals receiving identical treatment, in the number of follicles capable of gonadotrophic stimulation and in the values of other ovarian indices mainly dependent thereon, were due to differences in the time of injection in relation to the ovarian cycle. Accordingly in table 2, the data for heifers killed at least 5 days after injection are classified according to the stage of the cycle at which the injections were given, as deter mined in the manner previously described. For this purpose the bovine oestrous cycle is considered to be 21 days in length and is arbitrarily divided into three equal phases. The first phase, 1-7 days, is a period of rapidly increasing luteal secretion, during the second phase, 8-14 days, the corpus luteum reaches its maximum state of development, while the third phase is characterized by regres sion of the corpus luteum and, what is more important, follicular growth to maturity. The first 7 days may thus be considered as the luteal phase and the third as the follicular phase, while the middle phase is intermediate in character, a period when luteal influence is maximal, though accompanied by an increasing follicular activity. in cows, and horse pituitary extract in cows and heifers (see below). Cases in which any doubt existed regarding the phase of the cycle at injection were excluded from the analysis, and consequently the number of heifers receiving any one treatment as shown in table 2 (and table 5 ) may differ from the number given the same treatment, appearing in the corresponding figure.
The results show no evidence whatever of any correlation between the number of follicles in the ovary and the phase of the ovarian cycle at which the treatment was given.
A f u r th e r e x p e r im e n t to in v e s tig a te a p o ssib le re la tio n s h ip b e tw e e n t h e o v a r ia n cycle a n d t h e re s p o n se to p .m .s . w a s c a rrie d o u t o n cow s fo r m a n y o f w h ic h o e s tru s d a te s as re c o rd e d b y t h e h e r d s m a n w e re k n o w n w ith c e r ta in ty .
The cows used were of various breeds and ages and had widely different sexual histories. They fell into two classes: (a) those in which definite dates of oestrus prior to injection were known and confirmed by observations made during rectal palpation at the time of injection and inspection of the ovaries at post mortem, and (b) animals for which the date of oestrus was unknown or uncertain and for which the stage of the oestrous cycle at injection was deduced as already described. It is considered that the deduced oestrus dates were accurate within + 2 days. Again, any cases concerning which there was any doubt are excluded from the discussion. Each cow received a single injection of 4000 i.u. p .m .s . and was killed 7 days later.
In this series (see figure 3) , the total number of follicles (see also table 2), the number of large follicles, the t .f .v . and ovarian weight show, as in previous experiments, considerable individual variations, but these are irregular and show no evidence of correlation with the stage of the oestrous cycle at which the injection was made. The individual variations in the percentage of large follicles were also larger than in previous experiments. This is probably a consequence of the fact that the chosen time interval involves the steepest part of the sigmoid timeresponse curve (figure 1) where values are changing rapidly. Nevertheless, 68 % of the values were within +15 % of the corresponding mean value for heifers which is evidence of an underlying uniformity of response greater than that governing the other criteria except the follicular diameter.
The values for the mean follicular diameter, which are shown in figure 3, are fairly consistent and clearly independent of the stage of the cycle at which the injection was made. The equation of the regression line corresponding to these values is y = (13.3 + 0-38) -(0*12 ±0-07) x; its slope is thus hardly distinguishable from zero. The values also give an extremely small correlation coefficient (r = 0-24, P > 0-1). It may thus be ovarian response to 4000 i.u. p .m .s ., 7 days after injection, is not affected by the presence or absence of a functional corpus luteum in the ovary at the time of injection. It is, of course, possible that 4000 i.u. is a sufficiently high dose to override any effects of the corpus luteum (which incidentally would probably operate through the animal's own pituitary), and that the effects of a dose slightly larger than the threshold dose might depend on the presence or absence of a corpus luteum at the time of injection. No evidence of such a correlation was, however, observed in the heifers injected with 1000 and 2000 i.u. Long-term effects on the ovary of single injections of p .m.s. In view of the marked follicular growth resulting from single injections of 3000 and 4000 i.u. p .m .s ., the question whether the ovaries of animals subjected to such treatment eventually return to a normal condition is of great importance. In this connexion the ovaries of a number of cows and heifers which were killed at in tervals ranging from 26 to 369 days after single injections of 2000, 3000 or 4000 i.u. p .m .s . were available for study. The data are given in table 3. In a few instances the mean follicular diameter and the t .f .v . fall outside the values for control heifers given in table 2, but it should be remembered that in most of these cases the animals in question were cows, and it is possible that the normal range for cows may be somewhat higher than for heifers. In one instance, cow XC8, the ovaries still showed marked follicular proliferation when slaughtered 39 days after in jection. In addition to the eleven normal follicles referred to in the table, her ovaries contained numerous haemorrhagic follicles. This result was probably ex ceptional however, since the ovarian indices for cows XC28 and XC7 and heifers X14 and X 6, which also received 4000 i.u., were normal after much the same period. The ovaries of some of these animals were periodically examined by rectal palpation and the results suggested that in those cases not complicated by the occurrence of superovulation, maximum ovarian hypertrophy was reached at 2-3 weeks following the injection.
S. J. Folley and F. H. Malpress days from last oestrus
T a b l e 3 . L o n g -t e r m e f f e c t s o f t r e a t m e n t w i t h p r e g n a n t m a r e s ' s e r u m , see table 3 ) calls for comment. At slaughter, 31 days after the injection of 4000 i.u., the ovaries were found to be completely luteinized and their weight had increased thirty-fold. A rough computation gave approximately fifty normal-sized corpora lutea in each ovary, a few of which appeared to have resulted from anovulatory luteinization, but the majority showed ovulation points. Histologically the corpora lutea appeared normal. It is inter esting to compare this case with that of another heifer, X 6, of the same breed (Hereford) which received a similar dose at the same time. Both animals, at the time of injection, had a corpus luteum present in the right ovary and no palpable structure in the other. Despite this similarity of ovarian condition and treatment, the results were widely different. The ovaries of X 6, when palpated at the time X5 was killed, showed no marked increase in size and at autopsy 13 days later there were no abnormalities other than four haemorrhagic follicles. Whether the ovaries of X 5 would ever again have been capable of normal function it is difficult to say, but it seems clear from the results considered in this section that there is little danger of single injections of doses of p .m .s . up to 4000 i.u. causing a per manent cystic condition of the bovine ovary.
Qualitative changes in the ovary due to single injections of p .m.s. Qualitative abnormalities which occurred with sufficient frequency throughout the study to be considered as resulting from the treatment were (a) multiple ovulation, (6) the formation of haemorrhagic follicles, (c) an increase in vascularity of the stroma, ( d) anovulatory luteinization, and (e) the formation of small corpora lutea. Corpora lutea with cystic cores were also encountered, but this condition was also found among control ovaries, and the available evidence indicates that it was unrelated to the injections.
(a) Multiple ovulation. Evidence of ovulation depended chiefly on the presence of corpora lutea with protruding and characteristically indented heads. When it occurred within a few days of autopsy, additional evidence was obtained by washing the ova from the tubes and assembling them in the field of a low-power binocular. The numbers of ova recovered in these cases are given in table 4. Multiple ovulation was frequently found in cows and heifers given 4000 i.u. and killed six or more days after treatment. In all instances ovulation probably occurred between the 6th and 11th days after injection, that is, in the period in which the mean follicular diameter fell within the normal, ovulable range.
In table 5 the ovulation data for all animals killed at least 5 days after treatment are analysed according to the stage of the oestrous cycle at which the injection was given.
The results both for cows and heifers receiving 4000 i.u. clearly indicate that with the exception of one case of single ovulation, p .m .s . only evoked ovulation when injected during the follicular phase, that is, when the corpus luteum was regressing and oestrogen secretion increasing. Only cases of multiple ovulation can unequivocally be regarded as resulting from the injection since, at any rate in cases injected in the third phase, single ovulations might have occurred in the absence of the treatment. It may be argued that since the table includes animals killed at intervals ranging from 5 to 14 days after injection, the results might be T a b l e 4 . N u m b e r o f f o l l i c l e s r u p t u r i n g i n c a s e s o f m u l t i p l e o v u l a t i seriously in error because the heifers undergoing the shorter term treatments, which did not ovulate, might have done so had their slaughter been delayed. There are good grounds for believing, however, that this does not affect in any way the conclusions to be drawn from table 5. Thus of the heifers receiving 4000 i.u. the nine injected during the first phase were killed at 5, 6, 7, 9, 9, 12, 13, 14 and 14 days after injection (mean 10 days), the five injected during the second phase at 5, 6, 6, 7 and 8 days, and the six treated during the third p&ase at 8, 8, 10, 10, 11 and 12 days (mean 10 days). The groups injected during the first and third phases are thus seen to be comparable in respect of the distribution of the periods elapsing between injection and slaughter. In the case of the cows, all animals save one were killed 7 days after injection. The exceptional animal was temporarily lost at the market and killed a day too late. At autopsy she was found to have ovulated four times during the previous 24 hr. It therefore seems probable that more cases of superovulation would have been recorded among cows receiving 4000 i.u. p .m .s . during the follicular phase of the cycle had slaughter been delayed a day or two.
It is of special interest to note that two animals showed multiple ovulation following the injection of 2000 i.u.; both were injected in the follicular phase of the cycle. or 350 mg. A P 118B * All anim als killed 7 days after injection except the anim al in which m ultiple ovulation occurred. This anim al was killed on the 8th day and was found to have ovulated w ithin 24 hr. of slaughter, f Comprising anim als killed 5-14 days after injection. % All anim als killed 7 days after injection.
T a b l e 5 . O v u l a t i o n i n b o v i n e s f o l l o w i n g i n j e c t i o n o f p r e g n a n t m a r e s ' s e r u m o r h o r s e p i t u i t a r y e x t r a c t AT DIFFERENT STAGES OF THE OESTROUS
(6) Haemorrhagic follicles and (c) increased vascidarity of the ovarian stroma. Haemorrhagic follicles were frequently found in the ovaries of treated animals (see figure 14, plate 14) ; in general the frequency of their occurrence was correlated with the dose of p .m .s . given. In one or two cases almost all the follicles in the ovary were thus affected and the condition could here be regarded as serious, inasmuch as it signified extensive vascular impairment. In some instances the presence of haemorrhagic follicles could be correlated with increased vascularity of the ovarian stroma, a phenomenon which was itself more particularly associated with the higher doses, though somewhat haphazard in its occurrence (see figure 13 , plate 14).
(d) Anovulatory luteinization. Discordant views have been expressed regarding the origin of luteal cells in normally ovulating ovaries in the bovine. Hammond (1927) , mainly from a consideration of the literature, is of the opinion that they derive from the cells of the stratum granulosum. The important study by Delestre (1910) would indicate, however, that they originate from the theca interna. Analo gous studies in the human (see Simonnet & Robey 1939) indicate, incidentally, that in man luteal cells may arise from either layer.
Histological examination of ovaries encountered in this study, in which anovu latory luteinization had occurred under the influence of p .m .s . treatment, in variably showed the formation of luteal cells from the thecal layer. It is not easy to differentiate between the theca interna and theca externa in the bovine, but luteinization appeared to develop from the deeper layer (see figure 6 , plate 11). Under these conditions, therefore, thecal cells can give rise to luteal cells without the stratum granulosum being involved. Sometimes, in such cases, but not in variably, the depth of the granulosum layer was greatly diminished, simulating a condition of follicular atresia (see figure 5, plate 11). When this occurred, groups of cells were occasionally found to be split off from the basal layer of the granulosum, which suggested that the reduction in the depth of the granulosum was due to hyaline infiltration between the cells.
Between the zone of luteinization and the granulosum could be seen a layer of fibrous connective tissue often separated from the granulosum by cells of a secretory type closely resembling those of the granulosum itself, but characterized by weakly staining nuclei varying in form from spherical to spindle-shaped. These cells pro bably belong to the 'couche collagene interne' of Delestre (1910) (see figure 7, plate 12), and the fact that in many of the ovaries studied they appeared to be replaced by fibrous tissue, offers a reasonable explanation both for the absence of follicle rupture and the abnormal sequel of incomplete luteinization occurring only in the deeper layers of the theca.
The walls of stimulated follicles appeared quite normal in cases where the diameter was no greater than 20 mm. Larger follicles showed evidence of cystic degeneration in partial or complete absence of the granulosum and an increase in the fibrous character of the theca (compare figures 8, 9, plate 12). In ovaries con taining many large follicles pressed closely together, as often occurred in the p .m .s . series in particular, the theca was often almost entirely lacking even when an apparently sound granulosum was present ( figure 10, plate 12) .
(e) Formation of abnormally small corpora lutea. Many of the corpora lutea of ovulation, found in ovaries which had undergone multiple ovulation, were abnorm ally small (figure 12, plate 13). This might indicate that under these conditions ovulation had been induced in follicles which were smaller than the mature follicles which ovulate in the normal cycle. These abnormally small corpora lutea were not analogous to those observed by Rowlands & Williams (1941) in the ovaries of hypophysectomized rats treated with horse pituitary extract, which apparently arose from the premature luteinization of immature follicles unaccompanied by ovulation.
Quantitative ovarian changes evoked by horse pituitary extract
This experiment was carried out on similar lines to the study with p .m .s ., save that sufficient animals for the study of the action of only one dose were available. In addition, a few animals are included in which a corpus luteum was enucleated from the ovary at the time of injection. The results are shown in figure 4 .
As in the p .m .s . experiments there were marked individual variations in those ovarian criteria which are directly dependent on the number of follicles stimu lated to growth, though evidence of growth between the fourth and twelfth days after treatment is clearly seen. The percentage of large follicles increased fairly regularly up to a maximum of just under 80 % between the eighth and tenth day, and there is some evidence that the effect thereafter began to fall off fairly quickly.
Here again the mean diameter of the follicles seems to afford the surest criterion of follicle-stimulating activity. The values show a steady increase up to 10 days from injection, after which point a fairly rapid decrease occurs. The values from 0 to 10 days, omitting cases in which a corpus luteum was enucleated at injection or in which ovulation occurred, give a satisfactory fit to the straight line y = (0-59 + 0-04) x + (5-15 ± 0T2).
Comparison of the slopes of this straight line and the one obtained for 4000 i.u. p .m .s . shows that the rate of increase in the mean follicular diameter evoked by 175 mg. of AP115B or 350 mg. of AP118B was about half that resulting from injection of 4000 i.u. (and 3000 i.u.) p .m .s .
Quantitative ovarian response to horse pituitary extract in relation to the oestrous cycle An experiment with cows whose oestrous cycles were under routine observation was started, but the number of animals available (13) hardly warrants the drawing of any conclusions. The results obtained with heifers in which corpora lutea were enucleated from the ovary would also have been relevant to this question but only four animals were so treated. These were killed 2-6 days after injection, and it may be remarked that their follicular indices are in good agreement with those for unoperated animals (figure 4). The rate of follicular proliferation for the particular dose of horse pituitary extract used was not maximal (cf. figure 1) , and any effect of removing the corpus luteum upon the various follicular indices would therefore not have been masked. No ovulation occurred in these animals.
Here again, in view of the marked variation between different animals in the response of those ovarian indices more directly related to the number of follicles stimulated, it is of interest to consider the results in the light of the condition of the ovaries at the time of injection. The total follicle counts for both cows and heifers are given in table 2. As in the case of p .m .s . it seems justifiable to conclude that the ovaries of different animals vary inherently in the number of follicles capable of hormonal stimulation rather than that the variations are related to the phase of the ovarian cycle at injection.
Qualitative ovarian changes due to single injections of horse 'pituitary extract As in the experiments involving the use of p .m .s ., the ovaries of the animals treated with horse pituitary extract frequently showed abnormalities which could, without doubt, be ascribed to the effects of the treatment. Most noticeable were (i a) ovulation quickly following injection ('shock' effect), (6) multiple ovulation, (c) formation of haemorrhagic follicles, and (d) anovulatory luteinization. No further consideration will be given here to effects (c) and (d), to which the remarks made in the corresponding p .m .s . section equally apply. In the horse pituitary series an increased vascularity of the ovarian stroma was rarely seen, neither were the corpora lutea formed as a result of multiple ovulations noticeably smaller than normal structures. Cystic cores in some of the corpora were again observed, while another result, the exact significance of which is obscure, was the formation in three heifers and one cow of a single giant follicle in one ovary, far larger than its companions. This result was never seen in any experiment with p .m .s . where even under the most powerful stimulus no single follicle had far outgrown its fellows in the same ovary.
(а) 'Shock' effect. A result not evoked by p .m .s . injections was the occurrence, following treatment with horse pituitary extract, of ovulation within 1 or 2 days of the injection being given, and before any marked dimensional follicular changes could have taken place. One double and eight single ovulations were caused in this way, and the response was made more significant by the fact that six of the heifers were treated in the middle phase of the cycle, when no normal ovulation could have been expected. It seems highly probable that in such cases a medium sized follicle must have been present in one of the ovaries, and that it was caused to rupture prematurely by a ' shock ' effect imposed upon its normal development by the sudden impact of exogenous gonadotrophins, and in particular, it may be supposed, the luteinizing fraction.
(б) Multiple ovulation. The ovulation data for the heifers killed at least 5 days after injection are given in table 5, together with data for the thirteen cows which were injected at various stages of the oestrous cycle and all killed 7 days after injection. The estimated numbers of ova shed are given in table 4. The results with horse pituitary extract show an interesting difference from those obtained with p .m .s . Save in one case, ovulation was never elicited by p .m .s . except when the injection was given during the follicular phase of the cycle. With horse pituitary however, ovulation was caused by treatment given in all three arbitrary phases of the cycle. Particularly significant in this connexion are the three cases in which ovulation (in one case multiple) was induced in cows injected in the first (luteal) phase of the oestrous cycle indicating that this extract is able to elicit ovulation in the presence of a functional corpus luteum.
Four of the heifers which underwent multiple ovulation did so within 3, or at most, 4 days following the injection, and since a normal oestrus was approaching and a number of medium-sized follicles were presumably present in the ovaries, rupture and luteinization may be again regarded as the result of a 'shock' effect on all follicles which had reached a certain minimum size.
There is much evidence, therefore, that the prerequisite for ovulation in response to horse pituitary extracts is the presence in the ovaries of one or more sufficiently large follicles rather than the absence of a functional corpus luteum. The more advanced the oestrous cycle, the more suitable follicles there will be, and hence the greater the tendency towards multiple ovulation; this tendency will obviously parallel the regression of the corpus luteum, though it is probably not directly dependent on it.
Confirmation of this theory and further experimental evidence of the difference between p .m .s . and horse pituitary extract in respect of their power to induce ovulation, was provided by a few results (table 6) which were obtained with cows injected with one or other of the two preparations during pregnancy. The ovaries of pregnant animals receiving even 4000 i.u. p .m .s . showed hardly any follicular response and no ovulation was elicited in any case. All three animals injected with horse pituitary extract showed evidence of marked follicular stimulation, and two of them had ovulated, both within a few days of injection, in spite of the presence of the corpus luteum of pregnancy. Both ovulations were not unexpectedly single, for the presence of many fair-sized follicles would not be expected in the ovary during pregnancy.
If these results are reproducible they may point to different effects of pregnancy on the rates of in vivo destruction and excretion of the two gonadotro tracts concerned.
D i s c u s s i o n
The results reported in this paper have much in common with those of Rowlands & Williams (1941) in the rat. These authors, however, had the advantage of using hypophysectomized animals; in considering the present results it must always be borne in mind that the animals were perforce intact, so that in all cases endogenous gonadotrophins from a pituitary stimulated either directly by the exogenous hormone, or secondarily by the hormones secreted by the stimulated ovaries, might have participated in the response.
In the present work, the advantages arising from the greater size of the bovine ovary permitted a more detailed study of the quantitative changes caused by the gonadotrophic treatment, and some interesting and hitherto unsuspected facts regarding the precise nature of these changes have emerged. In the first place, our results make it clear that in the bovine, ovarian weight is a very unsatisfactory Vol. 132. B. criterion of response to gonadotrophic action. Casida, Meyer, McShan & Wisnicky (1943) have also noticed this in experiments in which calves were treated with pituitary extracts and comment that ' Quantitative responses would appear to be much less predictable than qualitative results'. The present work has shown that this is undoubtedly due to individual variations in the number of primordial follicles stimulated to growth by the gonadotrophins. For the same reason the total follicular volume is also a very inadequate measure of gonadotrophic activity. It is interesting in this connexion to note that Bullough (1942) has found the number of mitotic cells in the germinal epithelium of mouse ovaries to vary with the state of the oestrous cycle, reaching a maximum at oestrus. It seems possible that local ovarian conditions may regulate this fluctuation, and the possibility that oestrogens themselves play an important part is made more likely by the demonstration (Williams 1940) that the ovarian response of hypophysectomized rats to p .m .s . can be enhanced by previous treatment with diethylstilboestrol. It must be remembered, however, that in the present experiments on the bovine, no correlation was found between the stage of the oestrous cycle and the number of follicles stimulated, suggesting that genetic factors may have been largely respon sible for the differences observed. Criteria which are less dependent on the total number of follicles involved, such as the mean follicular diameter and the per centage of large follicles, proved better suited for accurate assay, since in both cases remarkably regular time-response curves were obtained. The first of these quan tities provided, both for p .m .s . and horse pituitary extract, the most uniformly valid expression of the end-results of treatment. The response is therefore best recorded by considering the follicle rather than the whole ovary as the unit of measurement. In response to single injections of 3000 and 4000 i.u. p .m .s ., follicular growth under conditions in which ovulation did not occur, as measured by the increase in the mean follicular diameter, proceeded steadily for at least 14 days after injection. Though it was not possible to obtain material for quantitative measurements over longer periods, examination of the ovaries of some of the long-term animals by rectal palpation, indicated that the gonadotrophic effect reached its maximum some time between 14 and 21 days. That the action of p .m .s . is relatively prolonged is not surprising, since Catchpole, Cole & Pearson (1935) found that the amount of mares' serum gonadotrophin in the blood of a gelding, following a single intra venous injection, was reduced by one-half every six days. In the present work the gonadotrophin might be expected to remain in effective concentration in the circulation for a longer period than in the experiments of Catchpole et al., since our injections were subcutaneous and the entry of the hormone into the circulation would therefore be gradual. It is unlikely, in view of the above results, taken in conjunction with those of Cole & Hart (1930) and Deanesly (1939) , that the effect of the injections would have been enhanced by subdivision of the dose.
In the experiments with horse pituitary extract, there was a steady increase in the follicular response for 10 days, after which, as far as can be seen from the relatively few results available for time intervals between 10 and 14 days, the follicular diameter decreased fairly rapidly. The rate of increase in the follicular diameter was here about half that resulting from doses of 3000 and 4000 i.u. p .m .s ., while the maximum value attained was also considerably less. Deanesly (1939) has shown that the ovarian response to horse pituitary extract in the rat, in con trast to that of p .m .s . , is increased by subdivision of the dose. Horse pituitary gonadotrophins are therefore probably inactivated in the body much faster than mares' serum gonadotrophin. It is thus likely that the follicular response to the dose of horse pituitary extract used in these experiments would have been enhanced if divided injections had been given.
Though, under conditions in which ovulation does not occur, high single doses of p .m .s . can cause such excessive follicular growth that the ovaries are trans formed into a mass of abnormally large follicles resembling cysts, our studies clearly indicate that such ovaries eventually return to a normal condition, at any rate as regards morphological criteria. This fact, together with histological studies of the excessively stimulated ovaries, indicate that such ovaries cannot be regarded as cystic in the accepted sense of the word.
This study has revealed a clear distinction between the biological properties of p .m .s . and horse pituitary extract as regards the induction of ovulation. With doses of p .m .s . up to 4000 i.u. induced ovulation was only observed when the injections were made during the follicular phase of the oestrous cycle, that is, when the oestrogen production of the ovary was increasing and when, according to current views, the output of pituitary luteinizing hormone was undergoing, or about to undergo, an increase. It seems likely that in these cases ovulation was due to the intervention of pituitary luteinizing hormone secreted in response to the * stimulus of circulating oestrogen. On the other hand, ovulation was induced (not invariably, however) by horse pituitary extract injected during all stages of the cycle.
The results obtained with horse pituitary extract further differed from those with p .m .s . in that with the former, ovulation, in many cases, followed injection much more quickly than it did in the case of p .m .s . Our results definitely suggest that horse pituitary extract can cause follicles to ovulate without the co-operation of the test animal's own pituitary, provided they are in a sufficiently advanced state of development. The results of Rowlands & Williams (1941) on hypophysectomized rats suggest that this is so in the rat. In confirmation of their findings our results are explicable on the view that horse pituitary extracts contain a higher proportion of luteinizing factor than mares' serum preparations. Injection of p .m .s ., on the other hand, apparently causes ovulation only when the pituitary gland of the recipient is in a suitable condition, and thus the co-operation of the pituitary in the response appears to be involved.
By analogy with Rowlands & Williams (1943) , who investigated the conditions for ovulation and superovulation in intact immature rats using the consecutive administration of single subcutaneous doses of p .m .s . and chorionic gonadotrophin, conditions for superovulation in the bovine can also be postulated. From figure 1 it will be seen that an injection of 3000-4000 i.u. gives numerous follicles of ovulable size at about the eighth day. Superovulation might confidently be expected, on our analogy, by the injection of chorionic gonadotrophin at this stage. The un certainty associated with the number of follicles stimulated in any pair of ovaries would, however, make it impossible to predict the degree of superovulation, or indeed to suggest conditions which might be supposed to lead infallibly to single, double or triple ovulations.
It is admittedly difficult to see why p .m .s . should fail to cause ovulation when injected early in the oestrous cycle, since, presumably, the resulting marked follicular development will be accompanied by the production of considerable, probably excessive, quantities of oestrogen, which, it might be supposed, would elicit the secondary secretion of luteinizing hormone by the pituitary in the usual way. Possibly, under these abnormal conditions, by the time effective concentra tions of luteinizing hormone enter the circulation, the follicles, for reasons which must be a matter of conjecture, have become inovulable. In support of this possibility may be cited the fact that large follicles which had undergone thecal luteinization were frequently encountered among our material.
An alternative possibility is, that under the excessive stimulation resulting from large doses of p .m .s ., the oestrogen production of the ovary rapidly rises to a level which results in temporary inhibition of all pituitary functions including the secre tion of luteinizing hormone. When the injections are given late in the cycle, however, the normal cyclic outpouring of luteinizing hormone might well, before this condition of ' hormonal hypophysectomy5 is induced, have progressed to the point at which ovulation of all follicles which are physiologically mature is possible.
Finally, the possible role of the active corpus luteum in inhibiting ovulation when injections are given early in the cycle should not be forgotten. It may be that the active corpus luteum secretes sufficient progesterone to inhibit the stimulating action of even the excessive amounts of oestrogen secreted under the influence of p .m .s . injections, on the formation of luteinizing hormone by the anterior pituitary.
The wide individual variations in the follicular response of the bovine ovary to gonadotrophic stimulation, encountered in this work, must give pause to undue enthusiasm regarding the practical use of equine gonadotrophin for combating anoestrus in cattle. Though it is unsafe to draw detailed conclusions from our results, which refer to cyclic ovaries, as to the mode of response of the inactive ovaries of anoestrous heifers in which pituitary activity is presumably at a mini mum, it seems safe to conclude that rather variable results are to be expected in field use. On the basis of present knowledge, 2000 i.u. p .m .s . would appear to represent the upper limit of dosage which can safely be used; with higher doses the danger of superovulation, and perhaps superfoetation, must be real.
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